We are carrying out a simulation study to characterise the advantages of VLBI with multiple beams, which will be a feature of the next generation of instruments. We will focus on VLBI astrometric measurements at lower frequencies (1.4 GHz and below). For our simulations, we have selected a network consisting of ASKAP, the Australian SKA precursor, plus existing Australian antennas from the LBA (Long Baseline Array) and the new antenna in New Zealand (figure 1a). We have used different models to represent the ionospheric turbulences and frequencies. The preliminary results show an improvement of an order of magnitude in the astrometric precision achieved using multiple calibrators with angular separations of a few degrees around the target, with respect to a single nearby (1 • away) calibrator. Such astrometric precision is comparable to using in-beam phase referencing with a calibrator some arcminutes away. We plan to expand our simulations to include other networks with multi-beam capability, and ultimately SKA-like configurations.
Scientific Rationale
The ionospheric contribution is the dominant source of errors in VLBI observations at low frequencies, and limits the application of conventional phase referencing techniques for astrometric measurements. The conventional approach consists of mapping a target source using the observations from a single calibrator, made at a different time and along a different line of sight. Because of the unpredictability of the temporal and spatial fluctuations in the plasma density, this introduces differential path variations between consecutive observations of the two sources, even using fast source switching and small separation angles.
Hence, current high precision astrometric measurements are restricted to the very few targets with a suitable in-beam calibrator (∼ few arcmins away). Alternatively, the use of multiple calibrators (at wider angular separations) has been shown to be a useful approach to compensate the ionospheric residuals ( [1] , [2] ). In this context, the multi-beam capability of the next generation of low frequency instruments offers the prospect of a wide application of high precision astrometric measurements to many sources. Using simultaneous observations of multiple calibrators (∼ few degrees away), surrounding the target source, allows for the compensation of both temporal and spatial fluctuations in the ionosphere. We refer to this as multi-view (or cluster-cluster) mode, as recently reviewed in [3] . Here we present results from a work in progress to characterise the astrometric precision enabled with multi-view observations. 
Simulation Studies
We performed simulation studies to compare the astrometric precision achieved using VLBI phase referencing observations of a target source at low frequencies, using both approaches, with one calibrator and with multiple calibrators. We used CASA and MeqTrees ( [4] ) to generate the synthetic phase referencing data sets including various ionospheric models. We will discuss here two of these models: (i) a sinusoidal ionospheric model, with different spatial scales and (ii) a Kolmogorov model, with different observing frequencies. The simulated schedule consisted mainly of rapid switching (∼ 1 minute) between sources. Some limited investigation with simultaneous observations of multiple sources (i.e. multi-view mode) have also been done. The design and ionospheric parameters used in the simulations are listed in Tables 1 and 2 .
The data analysis was carried out following standard procedures for phase referencing analysis within AIPS for the single calibrator case; for the multi-calibrator case, we used the external program Octave for a 2-D spatial interpolation from the calibrators to the target source positions. In all cases, the phase referenced maps of the target source where generated using the task IMAGR in AIPS.
We measured the peak flux and astrometric offset in the phase referenced maps to asses the quality and astrometric errors in each case. 
Results
Our simulations show that the astrometric precision achieved using multi-view mode, with three calibrators a few degrees away, is always superior to that using a single calibrator 1 degree away. We have confirmed that the improved multi-view astrometric precision (around 100 µas for the larger ionospheric spatial scales) corresponds to that obtained with an in-beam calibrator a few arcmin away (figure 2). Also, according to our simulations, the flux recovery in the phase referenced images of the target source is significantly higher (above 99% for the larger spatial scales) using multiple calibrators than with a single one.
Moreover, we find that the rapid switching schedule shows significant losses in recovered flux that are reduced by using truly simultaneous multi-view mode. This is consistent with the assumption that the losses are due to the dynamic component of the ionosphere ( [5] ).
Future work
We plan to expand our simulation studies repeating the process for different spatial scales (sinusoidal model) and frequencies (Kolmogorov model), along with different source distributions.
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